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Abstract  
 
Biochar is a charred carbon-enriched material intended to be used as a soil amendment to 
sequester carbon and enhance soil quality. Sustainable biochar is produced from waste 
biomass using modern thermochemcial technologies. Addition of sustainable biochar to 
soil has many environmental and agricultural benefits, including waste reduction, energy 
production, carbon sequestration, water resource protection, and soil improvement. 
Therefore, the use of sustainable biochar as a soil amendment is an innovative and highly 
promising practice for sustainable agriculture. In this project, three proposed tasks have 
been completed.  
 First, we developed a lab-scale pyrolyzer to convert a variety of waste biomass to three 
valuable bio-products. The effects of pyrolysis temperature and the type of feedstock 
on the yields of three bio-products were performed. The properties of various biochars 
were characterized.  
 Second, a series of batch experiments was conducted to determine the sorption 
capacities of biochar for ammonium and phosphate ions (NH4+ and PO43-). The 
sorption kinetics and removal mechanisms of the above two nutrients by biochar were 
comprehensively investigated. This study showed that two biochars produced from 
wood wastes could simultaneously sorb NH4+ and PO43-, suggesting that the addition of 
biochar into soil can retain nutrients in soil, prevent their runoff or leaching, and 
thereby retain them so they are available to plants. 
 Third, a field trial was conducted in an Illinois agricultural field to demonstrate that 
using biochar as a soil amendment can improve soil quality and increase crop yields. A 
synergetic effect was observed when the use of biochar was combined with fertilizer. It 
indicates that using biochar as a soil amendment can reduce chemical fertilizer use 
while at the same time keeping high crop yields. 
This project, to the best of our knowledge, represents the first field demonstration on the 
use of biochar as a soil amendment in fertile soils typical of Illinois. The project also 
catalyzed the hosting of the first biochar research conference in the state and the formation 
of a network of researchers committed to further exploration of the potential benefits and 
pitfalls related to biochar. One peer-reviewed publication and two additional manuscripts 
under preparation represent our outreach efforts and disseminate the information to a 
broader audience as well. 
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1. Introduction 
 
1.1.  Biochar  
 
Biochar is the carbon-rich product obtained by heating biomass in a closed system under 
limited supply of oxygen. Currently, there are several thermochemical technologies such as 
pyrolysis, gasification, and hydrothermal conversion to produce biochar. Pyrolysis involves 
the heating of organic materials in the absence of oxygen to yield a series of bioproducts: 
biochar, bio-oil, and syngas. Pyrolysis is a simple and inexpensive process which has been 
used to produce charcoal for thousands of years. However, traditional earthen and brick 
kilns used to produce charcoal usually vent a large amount of volatiles to the atmosphere, 
which causes air pollution. Modern pyrolyzers are designed to capture the volatiles for the 
production of bio-oil and syngas. Gasification is a thermochemical process where biomass 
is heated with a small amount of air to produce a main product—syngas and a byproduct—
biochar. Hydrothermal conversion primarily focuses on using wet biomass to generate bio-
oil. Biochar is a byproduct of that process as well.  
 
Biochar can be used directly as a replacement for pulverized coal as a fuel. But one of 
major distinctions between biochar and charcoal (or char) is that the former is produced 
with the intent to be added to a soil as a means of sequestering carbon and enhancing soil 
quality. When used as a soil amendment, biochar has been reported to boost soil fertility 
and improve soil quality by raising soil pH, increasing moisture holding capacity, attracting 
more beneficial fungi and microbes, improving cation exchange capacity (CEC), and 
retaining nutrients in soil (Lehmann et al., 2006; Lehmann, 2007). Another major benefit 
associated with the use of biochar as a soil amendment is its ability to sequester carbon 
from the atmosphere-biosphere pool and transfer it to soil (Winsley, 2007; Guant and 
Lehmann, 2008; Laird, 2008). Biochar may persist in soil for millennia because it is very 
resistant to microbial decomposition and mineralization. This particular characteristic of 
biochar depends strongly on its properties, which is affected in turn by the pyrolysis 
conditions and the type of feedstock used in its production. Previous studies indicate that a 
bioenergy strategy that includes the use of biochar in soil not only leads to a net 
sequestration of CO2 (Woolf et al., 2010), but also may decrease emissions of other more 
potent greenhouse gases such as N2O and CH4 (Spokas et al., 2009). 
 
Similar to activated carbon, biochar can serve as a sorbent in some respects. Biochar 
usually has a greater sorption ability than natural soil organic matter due to its greater 
surface area, negative surface charge, and charge density (Liang et al., 2006). Biochar can 
not only efficiently remove many cationic chemicals including a variety of metal ions, but 
also sorb anionic nutrients such as phosphate ions, though the removal mechanism for this 
process is not fully understood (Lehmann, 2007). Thus, the addition of biochar to soil 
offers a potential environmental benefit by preventing the loss of nutrients and thereby 
protecting water resources. Furthermore, soils containing biochar have a strong affinity for 
organic contaminants (Yang and Sheng, 2003a; 2003b; Yu et al., 2009). For example, one 
study revealed that unmodified biochar pyrolyzed from waste biomass could effectively 
sorb two triazine pesticides, effectively retarding their transport through the soil (Zheng et 
al., 2010). Additionally, some modified biochars (i.e., biochar modified by some specific 
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physical and chemical activation treatments) have demonstrated the potential to effectively 
remove a variety of organic contaminants from water as a sorbent (Chen et al., 2008; Cao 
et al., 2009). The use of biochar as a cost-effective sorbent is an emerging research topic. 
 
Sustainable biochar is produced from sustainably procured waste biomass such as crop 
residues, manures, timber and forestry residues, and green waste using modern pyrolysis 
technology (Woolf et al., 2010). Therefore, sustainable biochar production and its use as a 
soil amendment have been suggested as a means of abating climate change by sequestering 
carbon, while simultaneously reducing waste, improving soil quality, and protecting 
natural resource (Winsley, 2007; Laird, 2008; Guant and Lehmann, 2008; Zheng et al., 
2010). 
 
1.2.  Biochar for Sustainable Agriculture 
 
Sustainable agriculture is a way of raising food that is healthy for consumers and animals 
without causing damage to ecosystem health. Low nutrient content and accelerated 
mineralization of soil organic matter (SOM) are the two major constraints currently 
encountered in sustainable agriculture (Renner, 2007). Nutrients are retained in soil and 
remain available to crops mainly by adsorption to minerals and soil organic matter. Usually, 
the addition of organic matter such as compost and manure into soil can help retain 
nutrients. Biochar is considered much more effective than other organic matter in retaining 
and making nutrients available to plants. Its surface area and complex pore structure are 
hospitable to bacteria and fungi that plants need to absorb nutrients from the soil. Moreover, 
biochar is a more stable nutrient source than compost and manure (Chan, et al., 2007). 
 
The modality of biochar in its ability to act as an effective soil amendment is similar to the 
traditional “slash-and-burn” fertilization method, where farmers remove the vegetation and 
release a pulse of nutrients to fertilize the soil. But the “slash-and-burn” practice has an 
unfavorable environmental reputation because it is associated with deforestation and air 
pollution. In contrast, biochar production under a controlled system may provide a higher 
yield and have fewer detrimental effects on the environment. These characteristics make 
biochar an exceptional soil amendment for use in sustainable agriculture, (Lehmann and 
Joseph, 2008; Verhejien et al., 2010). 
 
Several greenhouse and field studies have been conducted to examine the effect of biochar 
on crop yields (Glaser et al., 2002; Yamato, et al., 2006; Chan et al., 2007 and 2008). Most 
studies showed that biochar addition increased crop yields. For example, a plot trial where 
soil was amended with a greenwaste-derived biochar, showed benefits that included 
increased crop yield and improved soil quality (Chan et al., 2007). Field experiments have 
also reported substantial crop yield increase in response to soil biochar application (Glaser 
et al., 2002; Yamato, et al., 2006). Most of these experiments, however, were conducted in 
the Tropics using biochar produced in local earthen kilns and applied to soils with low 
organic matter content (Laird et al., 2009). In a few cases, either no difference or negative 
results have been found on use of biochar as a soil amendment (Laird et al., 2009). The 
varying effects on crop yield appear to depend on such factors as biochar quality, biochar 
quantities added, soil type, and crop tested. Currently, field trials are underway at several 
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locations across the USA using various sources of biochar. However, much more research 
is needed to understand the interactions between various biochars, soil, climates, and crops. 
 
1.3.  Project Goal 
 
The goal of this project was to examine the potential use of biochar as a soil amendment in 
a typical corn field in Illinois as part of a larger goal of promoting sustainable agricultural 
practice. To achieve this goal, three tasks were undertaken in the project:  
 Biochar production and characterization: This study focused on the production and 
characterization of biochar from a variety of waste biomass under different pyrolysis 
condition. 
 Removal of ammonium and phosphate (NH4+ and PO43-) nutrients by biochar: The 
sorption kinetics and mechanisms of NH4+ and PO43- removal by biochar were 
investigated. 
 Field trial on the efficacy of biochar as a soil amendment: Effects of the use of biochar 
on crop yields and soil quality were explored through a demonstration experiment 
conducted in a typical agricultural field in Illinois. Also, the field trial attempted to 
investigate if the use of biochar as a soil amendment could reduce chemical fertilizer 
use while at the same time maintaining or increasing crop yields. 
 
2. Biochar Production 
 
2.1. Experimental Methodology 
 
2.1.1. Waste biomass 
 
The feedstocks used for biochar production in this study focused on three kinds of waste 
biomass: agricultural residues such as corn cobs and corn stover; yard wastes including 
walnut shells and wood chips; and by-products from bioenergy such as defatted dried 
distiller grains (DDGs). These waste biomass were collected from a variety of local sources, 
including crop fields, parks, gardens, yards, and ethanol manufacturers. The collected 
samples were piled in the green house to air dry and subsequently oven-dried overnight at 
80oC. The dry waste was cut into small pieces or ground to less than 3 cm prior to use.  
 
2.1.2. Biochar preparation 
 
A lab-scale slow pyrolyzer was used for biochar production. The pyrolysis system (Figure 
1) consists of a 4-liter volume batch reactor equipped with a programmable temperature 
controller (up to 1200 oC), a cooling system to collect bio-oil, and a source of nitrogen to 
modify the pyrolysis atmosphere. The batch reactor was filled with feedstock, covered with 
a fitting lid, and pyrolyzed under oxygen-limiting conditions. Vapors generated during the 
process were condensed to collect bio-oil. After pyrolysis, biochar in the reactor was 
allowed to cool overnight to room temperature. The weights of the bio-oil and biochar 
collected were measured to obtain pyrolysis yields. The yield of each bio-product was 
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defined as the ratio of the weight of the product to that of the original feedstock. Syngas 
yield was obtained through mass balance. The produced biochars were sealed in an airtight 
container and stored at room temperature until use.  
 
 
Figure 1.  Schematic diagram showing biochar production in a slow pyrolyzer. 
 
To understand the effects of feedstock compositions and production conditions, the 
following experiments were conducted: 
(a) Effect of feedstock on bioproduct yields and biochar properties: Dry feedstock of 
each type was weighed into the pyrolyzer and the temperature was raised at the rate 
of 7 oC/min to 400 oC under 2 L/min nitrogen flow. The peak temperature was held 
for 60 min under nitrogen flow for carbonization. Selected biochar samples as well 
as the starting feedstocks are shown in Figure 2.  
(b) Effect of pyrolysis temperature on bioproduct yields and biochar properties: Corn 
cob was pyrolyzed under 2 L/min nitrogen flow for 60 min at the following 
temperatures: 250, 300, 350, 400, 450, 500, and 550 oC. 
(c) Effect of pyrolysis atmosphere on bioproduct yields: Wood chip as a feedstock was 
carbonized at 400 oC for 60 min under 0, 2, and 5 L/min nitrogen flow. 
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Figure 2.  Selected biochar samples produced from waste biomass. 
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2.1.3. Characterization experiments 
 
Each biochar was characterized for physical and chemical properties. Elemental analyses 
were performed by the Microanalysis Laboratory at the University of Illinois using CE 440 
CHN analyzer (Exeter Analytical). The N2-BET surface areas of the biochar samples were 
measured in static volumetric apparatus (Monosorb, Quantachrome Corporation) (Zheng et 
al., 2010). Ash content was measured by heating the samples at 800oC for 4 h. 
 
2.2. Results and Discussion 
 
2.2.1. Yields of bio-products from various waste biomass and under different pyrolysis 
conditions 
 
Initial experiments focused on biochar production from feedstocks using a slow pyrolyzer 
at a relatively low temperature of 400 oC. Example yields of three bio-products generated 
from selected waste biomass are listed in Table 1. The yields of these bio-products varied 
(from 32.2 to 45.8% for biochar, 40.3 to 45.6% for bio-oil, and 12.2 to 23.0% for syngas, 
respectively). These data indicate that the type of biomass is one factor that affects the bio-
products yields 
 
Table 1.  The yields of three bio-products derived from selected feedstocks under oxygen-
limited condition for 60 min at 400 oC. 
Biochar Feedstock Biochar (%) Bio-oil (%) Syngas (%) 
ZW-1 Corn cob 32.2 % 45.6 % 22.2% 
ZW-2 Corn stover 39.0 % 42.8 % 18.2 % 
ZW-3 Defatted DDG 45.8 % 40.3 % 14.9 % 
ZW-4 Pine cone 38.0 % 44.4 % 17.6 % 
ZW-5 America chestnut shell 42.2 % 45.6 % 12.2 % 
ZW-6-1* Wood chip 35.0 % 42.0 % 23.0 % 
ZW-6-2* Wood chip 35.0 % 42.1 % 22.9 % 
ZW-6-3* Wood chip 35.1 % 42.1 % 22.8 % 
* ZW-6-1, 2, and 3 refer to the feedstock pyrolyzed under 0, 2, and 5 L/min nitrogen flow. 
 
Hemicellulose, cellulose, and lignin are three main components in most biomass. Pyrolysis 
of these polymers yields the bio-products identified above. Previous research has shown 
that hemicellulose decomposition occurs at 180-240 oC (Zeriouh and Belbirl, 1995; Li et 
al., 2008), while cellulose begins decomposing between 230-310 oC (Zeriouh and Belbirl, 
1995). Lignin starts to decompose at low temperatures (160-170 oC) and continues 
decomposition at a low rate until 900 oC (Li et al., 2008). The greatest decomposition in 
the biomass pyrolysis process usually occurs within a narrow temperature interval from 
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about 200-400 oC. Therefore, the main mass loss of biomass by degradation reactions also 
occurs in this temperature interval. Beyond 400 oC, the most important reaction involves an 
aromatization process, at low mass loss rate (Fisher et al., 2002).  
 
Figure 3 shows the effect of pyrolysis temperature on the yields of biochar, bio-oil, and 
syngas produced from corn cob by a slow pyrolyzer. The yields of biochar decreased from 
55 to 24% as the pyrolysis temperature increased from 250 to 550 oC. With increasing 
pyrolysis temperature, more volatiles in the samples were released, which resulted in a 
lower biochar yield. By contrast, the yields of bio-oil and syngas increased gradually with 
increasing temperatures in this temperature range. Similar results were reported for other 
agricultural by-products (Wan Daud et al., 2001; Chen et al., 2008). Among the three 
major components of biomass, a previous study indicated that the propensity of lignin to 
form biochar was greater than hemicellulose and cellulose (Li et al., 2008). 
 
 
Figure 3.  Effect of pyrolysis temperature on the yields of three bio-products. 
 
As shown in Table 1, there is no discernible difference in bio-product yields during the 
pyrolysis process with and without nitrogen flow passing through the reactor. This 
indicates that purging nitrogen gas through the reactor did not alter the decomposition 
process of biomass using this pyrolysis system. Moreover, there is no significant effect for 
nitrogen flow rate on the yields of three bio-products. Overall, the yields of biochar, bio-oil 
and syngas depend on the biomass used for pyrolysis and the production temperature, but 
are independent of nitrogen flow rate.  
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2.2.2. Physicochemical properties and elemental composition of biochar 
 
Table 2 presents the measured surface areas and elemental composition of biochars 
generated from a variety of feedstocks under different pyrolysis temperatures along with 
data for a commercial activated carbon sample. The types of feedstocks and production 
conditions have a major impact on the properties and compositionof biochar. The 
commercial activated carbon (AC) has a large surface area (Table 2), which reflects its 
fine-pore structure generated though a well-controlled activation process. By contrast, the 
biochars were produced in this project without an activation process. Thus, it is not 
surprising that their surface areas and porosities are significantly lower than that of the AC. 
As shown in Table 2, the increased surface area of biochar produced from corn cob at 
higher pyrolysis temperatures is attributable to the removal of –OH, aliphatic C-O, and 
ester C=O groups from outer surfaces of the feedstock (Chen et al., 2008). Moreover, the 
biochar with the highest surface area (105.3 m2/g) in Table 2 was produced at the highest 
temperature, suggesting this sample may possess some fine-pore structures. Production 
temperatures have a great impact on biochar’s sorption capacity because surface area is a 
key indicator of uptake ability.  
 
When evaluating biochar’s properties, elemental composition is another important 
parameter to consider. As shown in Table 2, the carbon content of biochar generated from 
corn cob increased while the oxygen and hydrogen contents decreased with increasing 
temperature. This indicates an increasing degree of carbonization. The degree of 
carbonization is described by the H/C ratio, because H is primarily associated with plant 
organic matter (Kuhlbusch, 1995; Chun et al., 2004). By increasing pyrolysis temperature 
from 250 to 550 oC, the H/C ratio of biochar produced from corn cob decreased greatly 
(Table 2). The low value of H/C ratio at 550 oC indicates that the biochar is highly 
carbonized. By contrast, a high H/C ratio suggests that the sample contains a good amount 
of original organic residues, such as polymeric CH2 and fatty acid, lignin (aromatic core), 
and some cellulose (polar factions) (Chen et al., 2008). Also, the O/C ratio of biochar 
produced from corn cob decreased with increasing pyrolysis temperature (Table 2), 
indicating the surface of the biochar produced under high temperature becomes less 
hydrophilic (Cornelissen et al., 2005). The decrease of the polarity index (O+N)/C with the 
pyrolysis temperature (Table 2) indicates a reduction in the content of polar functional 
groups (Chen at al., 2008). 
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Table 2.  Selected physicochemical properties of a commercial activated carbon (AC) and biochars prepared under different conditions 
from selected feedstocks a.  
Feedstock Pyrolysis 
Temperature 
SSA 
(m2/g) 
% C % H % N % O (O+N)/C O/C H/C % 
Moisture 
% 
Ash 
Corn cob 250 OC 1.86 61.16 4.96 0.82 27.82 0.353 0.341 0.973 1.32 3.92 
Corn cob 300 OC 2.42 70.54 4.19 0.81 19.06 0.213 0.203 0.713 1.3 4.1 
Corn cob 350 OC 3.36 72.92 3.79 0.79 16.86 0.183 0.173 0.624 1.29 4.35 
Corn cob 400 OC 4.70 75.23 3.37 0.82 14.11 0.150 0.141 0.538 1.35 5.12 
Corn cob 450 OC 7.79 77.84 2.95 0.86 11.45 0.120 0.110 0.455 1.35 5.55 
Corn cob 500 OC 17.08 80.85 2.5 0.97 8.87 0.093 0.082 0.371 1.25 5.56 
Corn cob 550 OC 30.57 82.62 2.25 0.84 7.43 0.076 0.067 0.327 1.28 5.58 
            
Wood pellet b 750 OC 105.3 81.99 1.14 0.52 3.04 0.033 0.028 0.167 4.56 8.75 
Wood chip 450 OC 12.96 70.44 2.67 1.11 13.86 0.161 0.148 0.455 1.69 10.23 
Defatted DDG 400 OC 1.98 64.43 3.76 7.44 10.14 0.217 0.118 0.700 1.45 12.78 
Corn stover 400 OC 4.69 55.98 3.4 0.43 18.16 0.250 0.243 0.729 1.28 20.75 
Pine cone 400 OC 17.92 73.88 3.21 1.33 15.31 0.171 0.155 0.521 1.32 4.95 
AC c  988.4 91.1 0.9 0.28 5.71 0.050 0.047 0.119 1.12 0.89 
a Abbreviations: SSA-specific surface area; C-carbon; H-hydrogen; N-nitrogen, and O-oxygen.  (O+N)/C: atomic ratio of sum of 
nitrogen and oxygen to carbon. O/C: atomic ratio of oxygen to carbon. H/C: atomic ratio of hydrogen to carbon.  
b The biochar provided by Chip Energy Inc. from a gasification system. 
c AC: an activated carbon (Darco G-60) purchased from Aldrich Chemical Company 
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3.  Removal of Nutrient Compounds by Biochar 
 
3.1. Experimental Methodology 
 
3.1.1. Materials 
 
Ammonium dihydrogen phosphate (NH4H2PO4, >98%) was purchased from Sigma-
Aldrich (St. Louis, MO). The stock solution of NH4H2PO4 (100 mmol/L) was prepared in 
deionized water. Deionized water (>17.6 MΩ-cm) was supplied by a Labconco Water Pro 
Plus system (Kansas City, MO). All chemicals were used as received. Biochars used for 
the sorption experiment were ground and then passed through a 0.075 mm sieve. A 
commercial activated carbon (Darco G-60) was obtained from Aldrich Chemical Company, 
Inc. (Milwaukee, WI). 
 
3.1.2. Sorption experiments 
 
Simultaneous sorption of ammonium and phosphate ions (NH4+ and PO43-) by biochar was 
determined using a batch equilibrium method. Briefly, a fixed amount (100 mg) of biochar 
was placed into conical glass vials along with 10 mL of NH4H2PO4 solutions. All sealed 
sample vials were agitated on a reciprocal shaker at 180 rpm and 22 ± 0.5oC. At pre-
determined times, sample vials were withdrawn from the shaker. Sample solutions from 
each vial were immediately filtered through a 0.45-µm membrane using a syringe. The 
filtrate was analyzed for PO43- by ion chromatography (IC, Dionex AS) and NH4+ by a 
phenate method outlined in Standard Methods for the Examination of Water and 
Wastewater (Eaton et al., 2005) using a spectrophotometer (Varian Gary 3E UV-Vis). The 
amount of NH4+ and PO43- sorbed to the biochar was calculated from the difference 
between their initial and final concentrations in the solution phase. A preliminary 
experiment showed that no sorption occurred on the glass wall of the vials and the loss due 
to filtration was insignificant. Control experiments were concurrently performed in 
aqueous solutions containing only NH4H2PO4 to avoid concentration changes due to 
solution volatilization during the experimental period. All experiments were carried out in 
triplicate. 
 
A variety of factors affecting sorption of NH4+ and PO43- by biochar were considered 
during the study. The following adsorption experiments were performed: 
(a) Effect of feedstock on sorption capacity: Biochars generated from a variety of waste 
biomass were examined in this experiment. Each biochar or the activated carbon (100 
mg) was weighed into 10 mmol/L NH4H2PO4 solution. The samples were placed on a 
shaker and agitated in the dark for 1 day. The procedure described above was used for 
sampling and analysis of the residual ammonium and phosphate ions in aqueous 
solutions. 
 
(b) Effect of pyrolysis temperature on nutrient sorption: The biochars produced from corn 
cobs under different pyrolysis temperatures were selected for this test. Biochar (100 
mg) was added to 10 mL of NH4H2PO4 solution (1.0 mmol/L). All samples were 
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shaken for 1 day. As there is no significant sorption of PO43-by biochar produced from 
corn cob, this experiment only focused on NH4+ removal. 
 
(c) Sorption kinetics: Two biochars were selected for this test. One was pyrolyzed from 
wood chips at 450 oC (labeled as biochar-450). The other was generated from wood 
pellets at 750 oC (labeled as biochar-750). Biochar (100 mg) was added to a conical 
glass vial with 10 mL of NH4H2PO4 solution (1.0 mmol/L). The vials were shaken at 
22 oC in the dark. At regular intervals, sample vials were removed from the shaker for 
analysis.  
 
(d) Sorption isotherm: The two different biochars used in the above section (c) were used 
in this experiment. Stock solution containing 100 mmol/L NH4H2PO4 was diluted with 
deionized water, yielding an initial nutrient concentration ranging from 0.5 to 30 
mmol/L. Ten mL of solution and 100 mg of biochar were placed in conical glass vials. 
All samples were shaken for 2 days to achieve sorption equilibration. 
 
(e) Sorption mechanism: To explore the sorption mechanism of NH4+, the Zeta potentials 
of biochars were measured using a Zetasizer-3000 HSA (Malvern Instrument Ltd.). 
For PO43- , the biochar-450 generated from wood chips at 450 oC was used to 
investigate the sorption mechanism by conducting two experiments: For the first 
experiment, the biochar-450 was mixed with 30 mmol/L NH4H2PO4. After shaking for 
2 days, the sample was centrifuged at 10,000 rpm for 15 min and washed several 
times with deionized water to remove free phosphate ions. The solid samples were 
dried in an oven at 110 oC overnight. The biochar samples sorbed with and without 
phosphate ions were examined using X-ray diffraction (XRD) (Siemens D5000) 
conducted by the X-ray Analysis Laboratory at the University of Illinois. For the 
second experiment, the biochar-450 (1.0 g) was rinsed with deionized (DI) water (200 
mL) twice. The solid sample was oven-dried at 80 oC overnight. A portion of the 
washed biochar (100 mg) was weighed into 10 mmol/L NH4H2PO4 solution for 
sorption test as described above. An additional portion of the washed biochar (100 mg) 
was weighed to 10 mL DI water to measure dissolved cations. The sample vials were 
shaken 1 day and then filtered through a 0.45-µm membrane. The filtrate was 
analyzed for released metal ions using an ICP-MS (PQ Excel).  
 
3.2. Results and Discussion 
 
3.2.1. Nutrient removal by biochars produced from various feedstoks  
 
This study focused on identifying the sorption capacity of biochar for NH4+ and PO43-ions. 
The sorption capacities (Cs, mmol/g) of several biochars for NH4+ and PO43- are shown in 
Figure 4. A commercial activated carbon was also used in the study as a comparison. It can 
be clearly seen that all tested biochars successfully removed NH4+ from aqueous solutions 
(Figure 4). The sorption capacity of the biochars for NH4+ was much higher than that on 
the activated carbon and other previous reported sorbents such as sepiolite (0.1mmmol/g) 
(Bernal and Lopez-Real, 1993) and acid treated slag (0.0007mmol/g) (Khelifi et al., 2002). 
Unlike the sorption of NH4+, not all biochars could efficiently remove PO43- from aqueous 
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solutions. Two biochars, one pyrolyzed from wood chips at 450 oC (biochar-450) and the 
other generated from wood pellets at 750 oC (biochar-750), could simultaneously remove 
NH4+ and PO43- (Figure 4). Moreover, their sorption capacities for PO43- were higher than 
the activated carbon, suggesting these two biochars would be able to hold nutrients and 
increase its availability to plants if they are applied in agricultural fields.  
 
 
 
 
 
Figure 4  Sorption capacities of NH4+ and PO43- on selected biochars and a commercial 
activated carbon. The number following the feedstock means the temperature used to 
produce the biochar.   
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3.2.2. Effect of pyrolysis temperature on nutrient removal by biochar 
 
Biochars generated from corn cob under different pyrolysis temperatures were used to 
investigate the effect of production conditions on their sorption capacity for nutrients. 
Biochars produced from corn cob at all temperatures were found to be poor for removing 
PO43-. Therefore, the focus of this section is on the sorption of NH4+. The removal 
efficiencies of NH4+ by the biochars were plotted against the pyrolysis temperatures 
(Figure 5). The removal efficiency of NH4+ in aqueous solution by biochar first increased 
with the increase of pyrolysis temperature until the maximum removal (>80%) occurred at 
350 oC. Then the sorption ability of NH4+ on these biochar samples decreased as the 
pyrolysis temperature was further increased from 350 to 550 oC. This may be attributed to 
the alteration of biochar surface properties with pyrolysis temperature. Previous studies 
revealed that biochar produced at low pyrolysis temperatures were more organic in nature 
and their surfaces had much higher functional polar groups (such as –OH, C=C, C-O 
derived most likely from the carbohydrates or other organic residues) (Chen et al., 2008; 
Chun et al., 2004). With increasing pyrolysis temperature, these polar groups largely 
diminish, which results in the surface of biochar becoming more hydrophobic. The surface 
properties of biochar may thereby affect their sorption capacities for NH4+. This may partly 
explain the dependence of NH4+ sorption behavior on the temperature of pyrolysis. 
 
Figure 5. Effect of pyrolysis temperature on NH4+removal by biochar derived from corn 
cob. 
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3.2.3. Sorption kinetics 
 
The sorption kinetic study focused on two selected biochars: biochar-450 and biochar-750. 
These two samples were chosen because they were able to simultaneously sorb NH4+ and 
PO43- , based on the above experiments. Time courses for the sorption of NH4+ and PO43- 
on two selected biochars are shown in Figure 6. Once the two biochars were added to the 
aqueous solutions, the concentrations of NH4+ decreased sharply within the first half hour, 
and then decreased gradually with increasing contact time until the maximum sorption was 
achieved (Figure 6). By contrast, the loss of PO43- from solution was a more gradual 
process until reaching sorption equilibrium (Figure 6). These results indicate that the 
sorption mechanisms of NH4+ and PO43- on two biochars may be distinct. As shown in 
Figure 6, the sorption equilibrium time of the two biochars was one day for NH4+ and two 
days for PO43-, respectively. 
 
To investigate the controlling mechanisms of sorption processes, e.g., mass transfer and 
chemical reaction, the data obtained from this study were analyzed using two kinetic 
equations: the pseudo-first order equation and the pseudo-second order equation (Wu et al., 
2001; Ho et. al., 2004, Jha et al., 2008). The equations are expressed in the linear form as 
follows log(𝑄e − 𝑄t) = log𝑄e – 𝑘12.303 𝑡                                                           (1) 
𝑡
𝑄t
= 1
𝑘2𝑄e
2 + 𝑡𝑄e                                                                   (2) 
where Qe and Qt are the amounts of nutrients sorbed (mmol/g) at equilibrium and at time t 
(h), k1 and k2 are sorption rate constants of pseudo-first order and pseudo-second order, 
respectively. The fit of these two models was checked by the linear plot of log (Qe-Qt) 
versus t and t/Qt versus t, respectively, and by comparison to the regression coefficients for 
each expression (Ozturk and Bektas, 2004). 
 
For NH4+ sorption on the two biochars, the experiment data was in agreement with the 
pseudo-second order kinetic model (Table 3). The calculated Qe values are consistent with 
the experiment data. By contrast, the pseudo-first order rate expression is more appropriate 
for representing the experiment data for PO43- sorption on the two biochars (Table 3).  
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Figure 6.  Time course of sorption of NH4+ and PO43- on two biochars at 22 ± 0.5oC. Error 
bars represent standard deviation of triplicate samples.  
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3.2.4. Sorption isotherm 
 
Biochar-450 and biochar-750 were chosen in this study because they could simultaneously 
remove NH4+ and PO43-. The sorption isotherms NH4+ and PO43- on the two biochars are 
displayed in Figure 7. It can be clearly seen that sorption isotherms of these two ions by 
biochar are nonlinear with a concave-downward shape. The sorption of NH4+ and PO43- 
initially increased sharply with increasing initial concentrations and then gradually 
approached saturation.  
 
The NH4+ and PO43- sorption isotherms can be modeled using: Freundlich and Langmuir 
isotherms.. The Freundlich model assumes that the sorption of the nutrient ions occurred 
on a heterogeneous sorbent surface. The model is described by the following equation 
log Cs = log Kf + 1/n log Ce                                             (3) 
where Cs is the sorbed concentration of NH4+ and PO43- (mmol/g) on biochar, Ce is the 
equilibrium concentration of NH4+ and PO43- in aqueous solution (mmol/L), and Kf and 1/n 
are Freundlich parameters used to fit the model to experimental data. The coefficient Kf 
(mmol/g)(mg/L)-n represents the relative sorption capacity of the sorbent, and 1/n 
(dimensionless) an indicator of the energetics of sorption. 
 
The Langmuir model assumes that the sorption of the two nutrient ions occurred on a 
homogenous sorbent surface by monolayer sorption with no interaction between the sorbed 
ions. The Langmuir model is described by the following equation 
Ce/Qe = 1/(bQ0) + Ce/Q0                                             (4) 
where Qe is the amounts of nutrients sorbed at equilibrium (mmol/g), Q0 is the monolayer 
capacity of the sorbent (mmol/g), and b is the Langmuir constant related to the energy of 
sorption (L/mmol).  
 
The parameters calculated from Freundlich and Langmuir equations are summarized in 
Table 4. The experimental data correlated to the Freundlich model better than the 
Langmuir model for NH4+ and PO43- in both biochars. Biochar is usually comprised of 
carbonized and noncarbonized fractions making it heterogeneous (Chen et al., 2008; Cao et 
al., 2009). A previous study using scanning electron micrograph revealed that the 
unmodified biochar has a rudimentary pore structure and its partial surface is accumulated 
with tar-like deposits (Jia and Lua, 2008). Considering the heterogeneous surface of 
biochar, it is not surprising that the Freundlich model was more appropriate to model the 
NH4+ and PO43- sorption behavior on the two selected biochars. 
 
As shown in Table 4, the sorption capacity (Kf) of NH4+ on the biochar pyrolyzed at 450 oC 
was higher than that of the biochar produced at 750 oC, which is similar with the results 
obtained with biochar produced from corn cob (in the section of 3.2.2). Conversely, the 
sorption capacity (Kf) of PO43- on the biochar-450 was lower than that of the biochar-750, 
suggesting different removal mechanisms for two nutrient ions by the two biochars 
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Table 3.  Pseudo-first order and pseudo-second order sorption rate constants of NH4+ and PO43- on two selected biochars. 
  
 Pseudo-first order  Pseudo-second order 
k1 
(h-1) 
Qe (cal) 
(mmol/g) 
R2 k2 
(mmol/g)-1h-1 
Qe (cal) 
(mmol/g) 
R2 
NH4+ 
Biochar-750 0.115 7.87 x 10-3 0.959 68.6 2.44 x 10-2 0.999 
Biochar-450 0.105 1.41 x 10-2 0.992 28.9 3.14 x 10-2 0.995 
PO43- 
Biochar-750 0.119 6.05 x 10-2 0.984 1.23 8.61 x 10-2 0.932 
Biochar-450 0.097 5.79 x 10-2 0.990 0.013 4.81 x 10-1 0.006 
 
 
Table 4.  Langmuir and Freundlich parameters and correlation coefficients (R2) for sorption isotherms of NH4+ and PO43- on two 
selected biochars. 
  
Freundlich constants  Langmuir constants 
Kf  
(mmol/g) (mmo/L)-n 
1/n R2 Q0 
(mmol/g) 
b 
(L/mmol) 
R2 
NH4+ 
Biochar-750 2.56 x 10-2 0.650 0.971 0.246 0.108 0.933 
Biochar-450 4.12 x 10-2 0.516 0.981 0.234 0.190 0.974 
PO43- 
Biochar-750 5.74 x 10-2 0.795 0.895 0.576 0.140 0.835 
Biochar-450 3.60 x 10-2 0.933 0.873 0.787 0.047 0.270 
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Figure 7.  Sorption isotherms of NH4+ and PO43- on two selected biochars at 22 ± 0.5oC. 
Error bars represent standard deviation of triplicate samples. 
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3.2.5. Sorption mechanism 
 
Sorption of ions from aqueous solution is generally governed by the surface chemistry and 
surface area of the sorbent or by precipitation reactions. The sorption capacities of NH4+ on 
all biochars were much higher than on the activated carbon despite their lower surface 
areas (Figure 4), suggesting the NH4+ sorption by biochars was not controlled by their 
surface areas. Similarly, biochar-450 and biochar-750 which have low surface areas (Table 
2) have high sorption capacities for PO43- compared to the activated carbon (Figure 4). 
 
NH4+ sorption mechanism: To understand the sorption mechanism of NH4+, it is 
necessary to determine the surface charge of biochar. The Zeta potential for all selected 
biochars had been measured and ranged occurred from -10 to -80 mV, which indicates that 
these biochars possess negative surface charge. This finding is consistent with previous 
studies that revealed that biochar has a greater negative surface charge and charge density 
compared to other soil organic matter (Liang et al., 2006; Lehman, 2007). As a cation, the 
primary removal mechanism of NH4+ by negatively charged biochar is likely via an 
electrostatic attraction process. Given the strong sorption of NH4+ by biochar, its addition 
to soils is expected to retain and make available ammonium to the plants. 
 
PO43- sorption mechanism: The sorption kinetics of NH4+ and PO43- by biochar has 
indicated that these two nutrients have different sorption mechanisms. We hypothesized 
that the PO43- removal by biochar-450 and biochar-750 (Figure 4) may be attributed to 
formation of metal-phosphate precipitate, which was confirmed by XRD. The XRD 
patterns of biochar-450 and the biochar sample after sorbing PO43- are shown in Figure 8. 
Compared to the XRD patterns of the control biochar, a new peak identified as 
Ca3(PO4)2·xH2O was observed for the biochar sample treated with NH4H2PO4. The 
formation of Ca3(PO4)2·xH2O precipitate on biochar suggests that the removal of PO43- 
from aqueous solution is controlled by its precipitation reaction. The precipitation can be 
described as follows 
Ca2+ + PO43- +.xH20 → Ca3(PO4)2.xH20                               (5) 
A biochar washing experiment was conducted to further explore the role of released 
calcium ion and other metal ions on PO43- precipitation on the biochar. The sorption 
capacity of PO43- in the washed biochar was significantly reduced (Table 5). Meanwhile, 
the dissolved Ca2+, Mg2+, and K+ released from the biochar also largely decreased (Table 
5). This further confirmed that the primary removal mechanism of PO43- by biochar is a 
precipitation reaction. By contrast, washing biochar did not affect the sorption of NH4+ on 
the biochar-450 because of their totally different sorption mechanisms.  
 
Overall, the laboratory experiments showed that biochar could efficiently hold NH4+ and 
PO43- nutrients. Once biochar is added to an agricultural field as a soil amendment, it may 
efficiently prevent nutrients from leaching during runoff and make them available to plants 
through adsorption. Moreover, previous research had revealed that biochar could inhibit 
the nitrification of ammonium fertilizer (Spokas et al., 2009). Therefore, we hypothesize 
that biochar as a soil amendment can increase crop yield while at the same time reducing 
chemical fertilizer use. To confirm this hypothesis, a field trial was conducted.   
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Figure 8.  X-ray diffraction patterns of biochar-450 samples before and after sorbing PO43-. 
 
Table 5.  Effect of washing process on the sorption capacities of biochar for NH4+ and 
PO43- as well as ions released from the biochar-450. 
Analyte 
Washed Biochar-450 Biochar-450 (no washing) 
mg/L mg/L 
Sodium < 0.6 mg < 0.6 mg 
Potassium 7.7 15 
Calcium 2.8 3.8 
Beryllium < 0.002 < 0.002 
Boron 0.089 0.094 
Magnesium 1.5 2.3 
Aluminum 0.075 0.084 
Titanium 0.0027 0.0022 
Chromium 0.0032 0.0033 
Manganese 0.0077 0.0055 
Iron < 0.1 0.11 
   
Zeta potential (ζ) -21.9±3.8 mV -22.3±6.9 mV 
Cs (NH4+)  0.144 mmol/g 0.144 mmol/g 
Cs (PO43-)  0.285 mmol/g 0.117 mmol/g 
  
Ca3(PO4)2.xH20
Biochar
Biochar + PO43-
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4.  Field Trial of Efficacy of Biochar as Soil Amendment 
 
4.1. Experimental Section 
 
4.1.1. Field site 
 
The experimental site was located in an agricultural field near Monticello, IL (40o11’ N, 
88o17’ W). The soil type was a silt loam comprised of 34 % sand, 54% silt, and 12% clay. 
The pH of this soil is ~5.5 and the organic matter content is ~4% in the upper 10 cm 
decreasing with depth. The field was rented from the Knox Farms, which has more than 
400 acres of agricultural fields. Corn and soybean have been cultivated in these fields over 
many years. They are typical Illinois no-till fields. 
 
4.1.2. Field experimental design 
 
The experiments were conducted during corn-growing season in Illinois (from April-
October, 2010). The field experiment was designed to test whether the use of biochar as a 
soil amendment can reduce the application rate of chemical fertilizer while at the same 
time maintaining a high corn yield. Two biochars were chosen in the field trial. One was 
pyrolyzed from corn cobs at 450 oC (biochar-A). The other was produced from wood chips 
at 450 oC (biochar-B).  
 
The effect of three fertilizer treatments, no fertilizer at 0 lbs N/acre, 50% fertilizer 
application (81 lbs N/acre), and 100% fertilizer application (192 lbs N/acre), on corn yields 
were investigated. The field experimental design is shown in Figure 9. For each fertilizer 
treatment, six rows with 60 feet in width were selected. Rows were 25" apart. Each 
fertilizer treatment included three biochar applications: no biochar, biochar-A, and biochar-
B. Thus, there were a total of nine treatments. A duplicate experiment was performed. 
Totally, the field plot included 36 rows and 18 plots (Figure 9). As shown in Figure 9, the 
biochars were randomly applied in row 3 and 4 with 10 feet in length for each plot. 
 
The field was prepared and managed by the farmer according to standard corn growing 
practices, including cultivation, fertilization, and weed and insect control. In the middle of 
April 2010, two biochars were completely mixed with the topsoil at a depth of 
approximately 10 cm. The biochar application rate was 40 t/ha, which corresponds to the 
levels used in the previous research (Chan et al., 2007). After two weeks, the corn seeds 
(32,400 seeds/acre) were planted in the designed fields using a regular corn sower with six 
row positions. Meanwhile, a pesticide (Capture Liquid Insecticide) at 6.6 ounces/acre and a 
fertilizer (5-15-15, N-P-K) at 8 gallon/acre were applied in the furrow of each row. One 
month after seeding, a Solution Nitrogen (28%) at 64 gallon/acre (which equals192 lbs 
N/acre) was side-dressed on the field. In the middle of October 2010, the experimental 
fields were harvested. (Note: One month after sowing, a commercial pesticide applicant, 
Piatt County Farm Service, in error sprayed an insecticide on the corn seedling. We 
immediately pulled out all contaminated plants and replanted corn seeds. Fortunately, this 
error only caused the delay of harvest.) 
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Figure 9.  Schematic diagrams showing biochar field experimental design. 
 
4.1.3. Measurements and analyses 
 
Topsoil samples, 10 cm in depth, were collected from each sub-plot before the experiment 
and at harvest. For each of the collected soil samples, soil properties including soil pH, soil 
organic matter, available phosphorus (P1 weak Bray and P2 strong Bray), nitrogen as 
nitrate, exchangeable potassium, magnesium, and calcium, and cation exchange capacity 
(CEC) were determined by Midwest Laboratories in Nebraska.  
 
For each treatment, corn ears were harvested from the field plot, transferred to the 
greenhouse, and then peeled to obtain the dried grains. The crop yields were calculated 
from the weight of grains for each treatment. The results were subjected to statistical 
analyses using a multivariate analysis-of-variance test (Zheng et al., 2005; Papiernik et al., 
2004). 
 
4.2.  Results and Discussion 
 
4.2.1. Effect of biochar application on crop yields 
 
The corn yields for each treatment are shown in Figure 10 and Table 6. For the control 
fields in the absence of biochar, the use of 50% nitrogen fertilizer significantly enhanced 
the corn yields (Figure 10). However, further increase of the fertilizer application rate to 
100% did not increase the crop yields as expected, which suggests that the application rate 
of nitrogen fertilizer could be reduced in half.  
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The application of biochar as a soil amendment significantly increased crop yields, even in 
the absence of nitrogen fertilizer (Table 6). For example, the corn yields increased 
approximately 18% and 23% for biochar-A and biochar-B, respectively, compared to the 
field without any treatment. This implies that the addition of biochar may improve soil 
quality or release nutrients to plants.  
 
With the application of nitrogen fertilizer, more significant increases in crop yields were 
observed in both biochar treatments (Figure 10). In the absence of biochar, for example, an 
approximate 25% increase in yield was obtained when 50% or 100% nitrogen fertilizers 
were used. When the use of biochar was integrated with fertilizer, the crop yield increased 
by approximately 54% and 39% for biochar-A and biochar-B in the 50% fertilizer 
treatment, respectively, and 72% and 44% in 100% fertilizer use, respectively. Similar 
synergetic effects have also been reported in previous field (Yamato et al., 2006) and 
greenhouse experiments (Chan et al., 2007 and 2008). The results further confirm that 
biochar as soil amendment can efficiently utilize the nutrients by holding ammonium ions 
in soils and inhibiting nitrogen fertilizer nitrification (Spokas et al., 2009).  
 
As shown in Figure 10 and Table 6, the crop yields in the fields treated with biochar and 
50% fertilizer are much higher than that of the field with 100% fertilizer application only. 
It may be inferred that the use of biochar as a soil amendment may reduce fertilizer use 
while at the same time maintaining high crop yield, even though an increase in crop yield 
did not occur with increasing fertilizer application rates in the absence of biochar in this 
study,  
 
4.2.2. Effect of biochar as a soil amendment on soil quality 
 
The results of soil analysis before the field experiment and after harvest are shown in Table 
7. Before the experiments, the range of soil properties in the 9-treatment fields were 
3.2~4.7% for soil organic matter, 5.2~6.0 for soil pH, 12~27 mg/kg for available 
phosphorus P1 and 14~43 mg/kg for P2, 19~75 mg/kg for nitrogen as nitrate, and 15.4~20.8 
meq/100 g for CEC. After harvest, the soil organic matter, soil pH, available phosphorus 
P1 and P2, and CEC generally increased in the field plots treated with biochar. The increase 
in soil organic matter and CEC showed that fairly large amounts of carbon and 
exchangeable cations were introduced by biochar application. The high level of available 
phosphorus P1 and P2 after biochar application indicated that the use of biochar as a soil 
amendment led to a high retention of nutrients in the soil. By contrast, the contents of 
nitrate-N in these biochar-amended plots were significantly reduced even when undergoing 
nitrogen fertilizer application (Table 7). This further confirms that biochar can sorb 
nitrogen fertilizers and inhibit their nitrification and thus the concentrations of nitrate in the 
fields with biochar addition were largely decreased. In addition, soil analysis after harvest 
revealed that soil organic matter, soil pH, available phosphorus P1 and P2, and CEC were 
generally higher after the application of biochar and fertilizer than after the application of 
fertilizer only (Table 7). Therefore, biochar as a soil amendment can improve soil quality 
by increasing soil organic matter, pH, and CEC, and holding nutrients in soils.   
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Figure 10.  Effect of biochar on corn yields under different nitrogen fertilizer application 
rates. 
 
 
Table 6.  Effect of nitrogen fertilizer application rates on corn yields (bushel/acre) with 
and without biochar additions *.  
Nitrogen Fertilizer  0 50 % 100 % 
No Biochar 139.3 a 174.3 a 173.0 a 
Biochar-A 164.6 b 213.7 b 239.8 b 
Biochar-B 170.9 b 194.2 b 201.3 a 
* Crop yields between no biochar applications and biochar use followed by different letters 
are significantly different (α=0.5) by Tukey’s mean separation test.  
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Table 7.  Selected soil properties before and after experiments 
Treatments 
Soil 
Organic 
Matter 
(%) 
Phosphorus 
Neutral Ammonium Acetate 
(exchangeable) 
pH 
 
 
Cation 
Exchange 
Capacity 
(CEC) 
meq/100g 
Nitrate-N 
mg/kg 
P1 
 
mg/kg 
P1 
 
mg/kg 
K 
 
mg/kg 
Mg 
 
mg/kg 
Ca 
 
mg/kg 
Before experiment  
No fertilizer and no biochar   3.2 15 22 206 345 1953 5.8 16.3 19 
No fertilizer with biochar-A 3.6 19 23 326 274 1808 5.7 15.4 39 
No fertilizer with biochar-B 4.1 20 28 218 349 2046 5.7 17.3 35 
50% fertilizer and no biochar   4.2 19 32 180 438 2340 5.6 20.7 32 
50% fertilizer with biochar-A 4.7 27 42 358 406 2474 5.6 19.0 33 
50% fertilizer with biochar-B 4.0 21 31 251 362 1986 5.2 20.8 67 
100% fertilizer and no biochar   4.6 12 17 172 527 2617 6.0 21.1 34 
100% fertilizer with biochar-A 4.6 22 43 195 449 2422 5.9 19.7 75 
100% fertilizer with biochar-B 3.3 15 24 149 345 1878 5.4 17.6 74 
After experiment (at harvest) 
No fertilizer and no biochar   3.9 20 30 198 310 1906 5.4 15.2 21 
No fertilizer with biochar-A 5.0 33 46 259 318 2105 6.1 16.1 12 
No fertilizer with biochar-B 4.5 19 31 166 329 1915 5.8 20.1 21 
50% fertilizer and no biochar   4.5 22 38 176 366 2234 5.5 18.3 32 
50% fertilizer with biochar-A 5.5 40 74 342 313 2298 6.2 19.0 29 
50% fertilizer with biochar-B 4.8 29 47 179 324 2077 6.1 21.3 25 
100% fertilizer and no biochar   4.2 14 21 175 456 2398 5.8 17.7 58 
100% fertilizer with biochar-A 5.1 35 60 239 403 2308 6.5 22.6 13 
100% fertilizer with biochar-B 4.9 27 39 221 376 2247 5.9 20.9 56 
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5.  Achievements and Outlook 
 
5.1. Achievements 
 
The intent of this project was to convert a variety of waste biomass to valuable bioproducts. 
More specifically, this project investigated the potential of biochar as a soil amendment in 
sustainable agricultural practice. In this study, various biochars were produced from a 
variety of feedstocks under different conditions, and their properties characterized. A series 
of laboratory sorption experiments was conducted to investigate the sorption kinetics and 
removal mechanisms of nutrients (NH4+ and PO43-) by biochar. A field trial was conducted 
in an agricultural field to determine the efficacy of biochar application to soil in increasing 
crop yields while at the same time reducing chemical fertilizer use. The outcomes of this 
project are summarized as follows: 
 
 Generated a body of knowledge concerning biochar production, characteristics, 
nutrient holding potential, and its role as a soil amendment for sustainable agriculture.  
 Completed the first field experiment of biochar as a soil amendment in IL and 
demonstrated its effectiveness as a soil amendment in corn production. 
 Demonstrated that the use of chemical fertilizer can be reduced when fertile soil is 
amended with biochar. This finding could have a significant environmental benefit in 
Illinois. Illinois farmers usually use large amounts of chemical fertillizers. However, 
many of the nutrients in these fertilizers are lost because of leaching and runoff. This 
adversely affects surrounding bodies of water because the nutrient runoff causes 
eutrophication of streams, rivers, and lakes within Illinois and they are also 
transported south to the Gulf of Mexico. The results of this project indicate that 
adding biochar to fertile soil can reduce the use of chemical fertilizers and thereby 
minimize nutrient loading of nearby bodies of water. 
 Hosted a biochar conference to educate the agricultural research community about 
current biochar research and applications. Presentations from the conference are 
available at: 
http://www.istc.illinois.edu/research/biocharsymposium2010.cfm 
 Published a peer-reviewed paper in a scientific journal. An additional two manuscripts 
are in preparation. The research results were presented at a national ACS meeting in 
2009 and at the Naturally Illinois Expo in 2010.  
 
5.2. Outlook 
 
Long-term outlook: Unlike compost and manure, biochar does not need to be applied 
repeatedly. This study was only a one-year field trial. The data from this short-term 
localized study will need to be supported by additional long-term studies or in general 
farming practice to determine the long term effect of biochar amendment on soil quality 
and crop yield. Therefore, additional field studies using biochar as a soil amendment over a 
longer period of time is recommended.  
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Low fertile soil: The field soil used in this project is typical fertile Illinois soil. Adding 
biochar to lower quality soils in Illinois may provide greater benefit. 
 
Phytotoxic and potentially carcinogenic chemical contaminants: Biochar usually 
contains small amounts of phytotoxic and potentially carcinogenic organic compounds 
such as PAHs. These emerging contaminants may be released into soil, translocate to 
plants, and enter the food chain. Therefore, a full environmental risk assessment is 
necessary before widespread adoption for biochar as a soil amendment can be 
recommended.  
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